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A Study of the Ultracentrifugal matterns and the Lipid Po.es P orus
and Cholesterol Levels of human Sera
a ntroo.uction
Over the past several yeaas the knowledge that the initial lesions
of atherosclerosis contain fat-laden phagocytes and suPlntimal der osits
of cholesterol crystals has lea to extensive studies cf the many phases
of lipid metabolism in an attempt to throw light m the underlying dis
ease process. In view of the great amount of work that has been clone
it is disappointing that our knowledge of the disease remains so inad
equate. However, some encouragement has been added recently by the work
of John P. Gofman and his associates at the University df California.
Using the ultracentrifuge, I have studied, in a group of humans, the giant,
lipid and. lipoprotein complexes which Gofman has demonstrated in the sera
of humans and rabbits and believes to be important in the process of ath-
erogenesis. In addition, cholesterol and lipid phosphorus levels have
been determined on the sera which were studied ultracentrifugally. p. re
view of some of the factors implicated in trie etiology of atherosclerosis
follows:
1. Cholesterol. Of the factors which have received attention, chole
sterol has been of iaaa-im-a.P . It occurs in high concentration in athero
sclerotic lesions; cholesterol concentrations up to 6^ per cent of the ahos-
phorus-free lipids Pound in atheromata are reported (?0). j .orris on and
Johnson (68) found that the cholesterol content of the coronary artery
walls of patients who died of coronary thrombosis was four times that of
normals, and Leary (60) states that, "The relation of crystalline ester
cholesterol to the lesions of arteriosclerosis is as specific as the
2.
tubercle bacillus to tuberculosis." The significance of blood levels
of the sterol is not entirely clear, mlevation of serum cholesterol
occurs frequently (although not always) in patients who have suffered
myocardial infarction (39, Uo, 68); atherosclerosis occurs with greater
frequency and at an earlier age in persons who have diseases which are
characterized by hypercholesteremia such as diabetes mellitus and famil
ial hypercholesterolemia (7, h, 7b, 83,87). The development and subse
quent severity of atheromatous lesions induced eaxperimentally aln some
animals by high cholesterol diets is strongly correlated with cholesterol
levels (12, lh, 3h, 55, 82). Conclusions drawn from this last finding
should be tempered by the realization that in many cases the eaxperimental
induction of lesions is attended by abnormal conditions. The feeding of
a high cholesterol diet to the rabbit, an animal whose natural diet con
tains virtually none of the compound, and the necessity of removing the
thyroid gland of cholesterol-fed dogs in order to insure development of
atherosclerosis are examples of such conditions. On the other hand it
is widely recognised that atherosclerosis occurs in a significant frac
tion of persons who have normal serum levels, and, conversely, some indi
viduals with elevateo. levels are apparently free from lesions. Similar
discrepancies have been noted in experimentally induced disease . At
least one study (81) has shown that in the chick the progressive develop
ment of inducea atherosclerosis neither follows nor parallels the rise
in serum cholesterol. Current feeling is that the above factors may be
superficial only and serve to point out that other factors certainly
play an important role in the atherosclerotic process. Cholesterol metab
olism is still not well understood; however, recent work has thrown light
on some aspects. It is accepted that almost all tissues in the body
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including arterial tissue are capable of synthesizing cholesterol in
vitro (90) and radioactive isotope work has indicated that in vivo syn
thesis can proceed from acetate. ?iggs and Kritchevsky (lh) fed tritium
cholesterol to rabbits and found that hypercholestereiric animals retained
more of the exogenous compound in unaltered form than did normal animals,
indicating that there may be some disturbance in hypercholesteremia
which is manifested as an inability or decreased ability to deal with
exogenous cholesterol. They found that serum cholesterol esters have a
more rapid rate of turnover than free cholesterol, and that endogenous
cholesterol synthesis proceeds even after massive ingestion of the com
pound. Another important indication from their work is that exogenous
cholesterol forms the bulk of cholesterol present in atheromatous deposits
and a large fraction of all tissue cholesterol. Some observations have
been made on the relation of diet to serum levels of cholesterol. It is
established that low fat low cholesterol diets (such as the Pempner rice
diet) or ordinary lox^ fat reducing diets will result in a definite low
ering of the serum levels (5U, 90, 92). Limitation of caloric intake to
two-thirds of normal does not protect cholesterol-fed. chicks against
atherosclerosis (82). Other cholesterol studies have correlated serum
levels of the compound with body morphology and reveal that the endo-
morphic types tend to significantly higher levels than do the ectomorphic
types (39).
2. The reticulo-endothelial system. Observations on the origin of
atherosclerotic lesions in cholesterol induced disease in rabbits indi
cate that the early foam cells are derived from intimal endothelium
and the later fibrous tissue from fibroblasts of the media; in those
rabbits that develop xanthomata the xanthoma cells seem to arise
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locally from mesenchymal tissue (55j« Concerning the origin of lesions,
Leary (60) has postulated that cells of the reticulo-endothelial system
phagocytize lipid and migrate to their fj nal resting place in the arter
ial intima. It should be noted, however, that Simonton and Gofman have
used radioactive thorium in the study of the movements of cells of the
reticulo-endothelial system and feel that their results disprove this
theory (85 < •
3- Phospholipids. The role of the phospholipids is not clear and
as much controversy centers about their significance as surrounds the
cholesterol problem, n he phospholipids of the bloou are the lecithins,
cephalins, sphingomyelins, and phosphatidyl serines. The lecithins are
thought to make up over four-fifths of the blood phospholipids (this is
not universely accepted), and because of their quantitative importance
have received more individual attention than have the other three com
pounds, host studies of the blood levels of phospholipids have utilized
methods which measure the total lipid phosphorus. The main site of for
mation of the phospholipids in the chick was found by Ranney, Chaikoff ,
and Entenman (80) to be the liver, although some synthesis definitely
occurs elsex-jhere as shown by uhemick's (20) in vitro studies of the .rat
artery using radioactive phosphorus. A common denominator in observations
on the relationship of phospholipids to atherosclerosis is the fairly
constant finding of increased cholesterol/phospholipids ratios in indi
viduals with vascular lesions (38, U0, 56, 87). Put there agreement
ends, for Pollak (76, 77) believes that lecithin is a poor stabilizer of
cholesterol and states that lecithin in the diet does not prevent damage
from cholesterol feeding. His papers do not clearly present data in favor
of this belief. On the other hand Ahrens (5) in a series of careful
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experiments, has shown that the degree of clarity of serum is aax.ycr-
tional to the phospholipid content, and by hydrolyzing the lecithin in
serum samples with a lecithinase he has demonstrated a visible lipemia
which is linearly proportional to the total lipid content of the sera.
Seifriz demonstrated that lecithin stabilize., oil-in-water emulsions,
and Leathes concluded that the hydrophilic phosphorylcholine group re
duced the cohesive forces between the two fatty acid radicles causing
them to occupy twice their former area(5). Using radioactive phosphorus
Zilversmit, Entenman, and Chaikoff (96, 97) found the turnover rate of
plasma lecithin to be about five times as great as that for sphingomyelin
in the dog. Others (19, 22, 23, 2h) have found the phospholipid turnover
rate in humans to be unaffected by choline and postulate that this is
probably an indication that the dietary intake of lipotropic agents has
been adequate . Zilversmit likewise found that in his dogs the turnover
rates were not changed by the administration of choline, and on the
basis of this finding postulated that the action of choline stalmulates
the utilization of fats within the liver itself rather than via the
phospholipids. Elkes and Frazer (32) have shown that the plasma chylo
microns contain phospholipid as an essential part of the interface.
Their experiments indicate that phospholipid is added during transit of
the fat molecular aggregate through the intestinal cell. Their work was
done on the rat.
U- Lipotropic agents. The lipotropic agents, choline, methionine,
betaine, and inositol, have been used with a measure of success for
some time in the treatment of liver disease, particularly that associ
ated with fatty infiltration. Their facilitation of the removal of ex
cess liver fat made tests of their efficacy in removing the lipid deposits
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of atheromatous lesions worth-while. These have been ana are still being
carried out by various investigators; the results are notable for their
disagreement. Several experiments indicate that th.se agents are able
to afford some protection against atherosclerosis. Felch :33; reports a
depressing effect of inositol (3 °:m./aay; on the serum cholesterol and
phospholipids in diabetics. Choline has been found to reduce the per
centage of recurrent myocardial infarcts from 17 per cent in controls
to 5 per cent in treated patients (69), and choline, methionine, and
inositol seem to aid the resorption of lipid vitreous opacities (31) •
Frown (17) and P'orrison (67) found that choline (500 nig. /day) gave some
protection to cholesterol-fed rabbits whereas smaller doses of choline,
betaine, or inositol were ineffective. In contrast Starrier (88) reports
that neither choline nor inositol affects plasma lipid, concentration or
development of atherosclerosis in either normal or stilbestrol-fed chicks.
Recent unpublished work of Peyer, et al., strongly indicates that choline
in doses as large as 1 gm./day does not effect regression of lesions in
rabbits previously fed a course (107 days) of cholesterol. Kitchel's
latest work, also unpublished, supports the results of Peyer' s experi
ment. Observations on the turnover rates of plasma phospholipids have
led Zilversmit (96, 97) to postulate that choline acts by stimulating
the utilization of fats x-jithin the liver itself rather than via the
phospholipids, ana oornatzer (19, 22, 23, 2k) to suggest that choline is
effective only when there is present a specific dietary deficiency of
lipotropic agents. Pollak (77) believes that lipotropic action occurs
through stimulation of increased albumin production by the liver- In
evaluating the effect of choline it is of interest to note that de la
Huerga (26, 27) has shown that a large fraction (up to 70 per cent) of
7.
the ingested compound may be degraded by the intestinal flora to inactive
trimethylamines .
5« Detergents. The detergents Tween 80 and Triton A20 have received
recent study. Ladd and Ke liner (53, 56) report that these compounds
given intravenously cau.se five to thirteen fold increases in cholesterol
levels and slightly greater increases in phospholipids in normal rabbits.
Satmilar results were obtained in rabbits which were simultaneously fed
cholesterol, and in addition there was definite inhibition of atheroma
formation when these rabbits were compared, with a control group which
had received only cholesterol without detergent. In this control group
the cholesterol/phospholipid ratio was almost twice the average ratio for
the group receiving detergent.
6. Hormonal influences. Cortisone, given therapeutically, has been
found to elevate serum cholesterol slightly in humans. It does not seem
to affect cholesterol levels in either normal or cholesterol- fed chicks
(69^ . Adlersberg (1, 2, 3) has demonstrated slight rises in cholesterol
levels of individuals on ACTK therapy and this observation has led him
to wonder whether prolonged ACTH therapy might predispose to premature
atherosclerosis, although the slight changes he reports are of equivocal
statistical significance. Baxter (10) reports that ACTH and cortisone
prevent the renal lesions of choline deficiency. Diethylstilbestrol is
known to cause a marked rise in the seruia cholesterol with the subsequent
development of atheromatous lesions in the chick (3i|)« Podbard (81) has
pointed out that the chick is resistant to hypercholesteremia during em
bryonic life and to dietary cholesterol during the first eight weeks of
life. At this time, corresponding to early puberty, a rise in serum
cholesterol occurs with the subsequent development of atherosclerosis.
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Then at twenty- two weeks, or at the time cf sexual maturation, marked
variations in the regulation of cholesterol levels occur'. It is known
that hypothyroidism is associated with elevated serum cholesterol levels
and it has been shown that the protective action of potassium iodide in
rabbits on high cholesterol diets is due to activation of the thyroid
gland (62). pardones has shown that the great increase in liver cyto
chrome C which occurs in such protected rabbits is dependent on an intact
thyroid (62).
7. Fat absorption from the gut and subsequent transport, and physical
state of the serum lipids. Frazer (37) has clearly delineated the fac
tors involved in the absorption of triglyceride fat from the intestine,
and has presented evidence that serum chylomicrons contain phospholipid
as an essential part of the interface (32). Concerning this point,
however, Necheles (70) and harder (61) believe that chylomicrons contain
no phospholipid. There is agreement that the chylomicronemia following
a fatty meal is both increased and prolonged in older persons when con
trasted with younger persons; however, no definite relation between de
gree of chylomicronemia and severity of atherosclerosis has been demon
strated (11, 61, 6k3 66, 98). Oral Tween 80 and lipase has been demon
strated to decrease the fatty meal induced chylomicronemia of old age
(11, 70). In view of Hueyper's (51) demonstration that various macro-
molecular substances in the size range of chylomicrons are capable of
producing arterial intimal lesions it has been suggested (6J4, 98) that
the size as well as the concentration of these lipid aggregates is of
importance; nevertheless, the overall relationship of chylomicronemia
to atherosclerosis remains speculative,
8. Lipoprotein molecules. Recently, attention has been drawn by
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the work of John P. Gofman rt tV University of California toward the
large lipoprotein and lipid aggregates of molecular weights 5^0,000 to
several million x-ihich are present in varying concentrations in the blood
of many individuals. Although most studies of blood cholesterol nave
utilize^ techniques that involve chemical destruction of all the lipid
molecules and aggregates of the serum, determination of the cholesterol
content, and lumping the results into two categories, "esterified" and
"free" cholesterol, it is recognized that almost none of the cholesterol
in the serum is in the form of individual molecules. Instead it is pre
sent in association with other lipids and varying amounts of protein in
the form of very large, low-density molecules. (It is probable that
these are not true molecules but are more of the nature of hydrophilic
sols, but for the sake of brevity the term will be used here iiith the
above reservation.; Until recently, existing methods were not adequate
for the study/ of these entities in their natural state, but the develop
ment of the ultraeentrifuee has now urovided a powerful tool for Invest
igation of theii- basic nature. In 19U9 Gofman (k2) outlined the diffi
culties involved in the ultracentrifugal study of undiluted blood serum.,
gave the first satisfactory theoretical analysis of the "dip' which fre
quently appeared on the sedimentation diagram during the ultracentrifuga-
tion of serum samples, and outlined a method, for isolating ana measuring
the concentration of the giant lipid and lipoprotein molecules which were
responsible for the "dip". These molecules are characterized in ultra
centrifugati on terminology according to their rate of migration under
the influence of an intense centrifugal field. In 1950 Gofman (57; pub
lished the preliminary results of studies on normal rabbit sera using
the new technique. That y/ear also brought forth the results of the first
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clinical study of atherosclerotic human subjects (h3), indicating that
a particular class (the 3f 10-30 ultracentrifugal class) of molecules
was more highly correlated with the clinical status than any parameter
that had yet been studied. Two points are worth noting regarding the
rabbit study: first, over 60 per cent of normal rabbits had detectable
levels of Sf 10-30 molecules, and, second, the rabbit is one animal in
which naturally occurring atherosclerosis is extremely/ rare and one whose
natural diet contains almost no cholesterol. Since then a number of art
icles have issued from Gofman' s laboratory in support of his original
thesis (kk} U5, k7 > 52, 58, 73, 7U, 75) • His series has expanded to
over six thousand cases and includes persons with myocardial infarction,
liver disease, diabetes, nephrosis, hypertension, and hypothyroidism.
His observations have led him to propose the theory that normal lipid
transport is confined to the higher density, lower molecular weight
components in the Sf 2-8 class, which includes the /O. -lipoprotein, and
that either an excess of cholesterol or a specific deficiency in this
system causes a spillage of cholesterol over into the larger molecules
of the Sf 10-30 class .
Gofman has estimated that the Sf 10-30 molecules have a density of
l.Oh and a molecular weight in the neighborhood of three million. Assum
ing a spherical shape these measurements are equivalent to a diameter of
about 21 millimicrons. Electron micrographs of an Sf 10-30 concentrate
support these estimates, revealing a size distribution (range 10 to L5
niillimicrons) which indicates a mean diameter of 25 millimicrons (79).
(See Appendix for corroboration of the above diameter calculation) .
It must be said that not everyone agrees with Gofman' s analysis.
Keys, in particular, has reanalyzed the data presented, in the Gofman
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papers and has found a greater correlation between cholesterol levels
and degree of atherosclerosis than between the level of Sf 10-30 com
ponents and severity of disease .
The purpose of this payer is to present data correlating three
components of human serum: cholesterol, Sf 10-30 molecules, and lipid
phosphorus. Three considerations rendered such a study worthwhile: first,
the exclusive nature of the work that has been aone relating of 10-30
molecules to cholesterol made repetition in a different laboratory desir
able; second, there are not as yet any published reports concerning the
relation of phospholipid levels to the large lipoproteins; and, third,
the fact that Gofman relies in part on his studies of rabbit atheroscler
osis (which may not be comparable to the human disease) in arriving at
his conclusions emphasizes the need for further data on humans.
Paterials and methods
The sera of Ul human subjects have been anal/zed. This group is
made up of 21 known diabetics with disease of varying severity; and 20
non-diabetics with a variety of conditions including myocardial infarc
tion, xanthelasma, massive obesity, hypertension, ano advanced athero
sclerosis. No attempt was made to obtain a pure series of persons with
myocardial infarction or hypertension for the following reason: the de
sired information was the relation of chemical composition (cholesterol
and lipid- phosphorus levels) to physical state (size and concentration
of Sf 10-30 molecules) irrespective of any alterations in these values
which might occur consequent to metabolic or dietary disturbances.
Flood samples were draxm in the fasting state, allowed, to clot,
centrifuged, and the serum removed. The serum sample was then divided
into two portions, one was used for the cholesterol and lipid phosphorus
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determinations and the other was prepared and analyzed in the ultracen
trifuge . Free and total cholesterol was de terminer, by the modified
Schoenheimer and Sperry method, and the esterified fraction xxas esPima-
ted as the difference of the two. Lipid phosphorus was determined,
after alcohol-ether extraction of the phospholipids, by the Fiske-Sub-
baRow method. Ill chemical determinations were done in quadruplicate.
The ultracentrifugal analysis, using Gofman 's technique, x-jas a
fairly complicated procedure and will ia.e described in detail. Two
centrifuges were used, the Spinco Model D for preparationof the samples
prior to their analysis in the Spinco model E analytical machine, utiliz
ing the Thovert-rhilpot-Svensson optical system which allows direct
observation or photographic recording of the refractive index gradients
in the neighborhood of the migrating lipoprotein boundary. The sera
were prepared for analysis as follows: to approximately 5cc . of the sam
ple 'the density of human serum, neglecting proteins, is assumed to be
1.00?) was added sufficient Haul to bring the final density up to 1.063«
The samples were then spun in the preparative ultracentrifuge at 30,000
rpm for approximately 18 hoxairs, Since the large lipoprotein molecules
have a density of only 1.0k they, together with most of the other serum
lipids, will be floated in the centrifuge tube whereas the albumin ano
globulins will sediment; thus an isolation of the large molecules is
effected. They can be seen at the top of the centrifuge tube as a layer
xtfhich gives rise to intense Tyndall scattering when viewed at right angles
to an incident beam of light. Viewing the layer in this manner, all of
that portion (usually 1 to 1.5cc.) which showed scattering was carefully
and with a minimum of agitation xd.tlxdra.xm. r.his is the fraction which
was analyzed and has been shown to contain all particles in the serum
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itfhose density is less than 1.063; this includes the /3|-lipoprotein, all
the Sf molecules, and the chylomicrons. Analytical runs were made in the
Spinco Podel E ultracentrifuge using the u.b cc . cell and at a speed of
59,780 rem. Eecause of the density relationships the large lipoproteins
travelled, under the influence of the centrifugal field, in a direction
opposite to the direction of the force . The migration rate is dependent
primarily on two factors, the difference in density between the migrat
ing particle and the suspending fluid on the one hand and the molecular
weight of the particle on the other. The customary unit of migration
rate is the Svedberg which is equal to 1x10 cm./ sec. /dyne/ gm. When
using this unit the conditions under which the run was made must be
specified since the 3 rate of a molecule will vary if conditions are
altered. The S rate may be either positive, if the direction of migra
tion is with the field, or negative, if the direction of movement is
against the field as is the case with the molecules studied. To avoid
the use of negative numbers, however, the Svedberg flotation constant
or Sf has been used in the description of particles which float. lath-
ernatically, Sf is equivalent to the absolute value of S. The value of
Sf for a particular molecule is calculated from the equation:
W (t2 - t]_)
VJhere In denotes the natural logarithm, x the distance of the boundary
from the axis of rotation, w (omega) the angular velocity, and t the
time .
As the boundary moved photographs were taken at specified time
1)4.
intervals on ordinary 2 in. by 10 in. spectrographic plates. The result
ing optical diagrams, a representative sample of xarhich is shown in Fig. 2,
x-jere then projected and traced on specially prepared diagram sheets xahich
were provided with a base line representing the optical diagram of a
calibrating run using NaCl, density 1.063, alone. This is illustrated
in Pig. 1.
One advantage of this optical system is that the concentration of
the substance being studied is directly proportional to the area bounded
by the peak representing the migrating bound.ar3r and the base line. The
values given for the concentration of the Sf 10-30 molecules are not ab
solute but are relative and represent the direct planimeter readings of
the area measurements. The additional calculations necessarj^ together
with other unavoidable errors involved in the estimation of absolute
values rendered the relative measurements more reliable; further, for the
purposes of this paper absolute values would add no additional informa
tion.
Results
The complete data for the entire group are tabulated in TABLE I.
From these data values for the mean, standard deviation, and standard
error have been calculated for the diabetics, non-diabetics, and the tan-
tire group. These values are given in TABLE II. Correlations between
the various components have teen plotted in scatter graphs, representa
tive examples of which are shown in Figures 3, U, and 5, and coefficients
of correlation (Pearson r; have been calculated and set down in TABLE III.
partial correlations between Sf 10-30 and lipid phosphorus, holding
total cholesterol constant, are given in TAPLE IV. Finally, in TA^.Lr V
a group comparison of the diabetic group xri.th the non-diabetic group
has been made using the values given in TABLE II .
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TABLE la. Complete data for the 21 diabetic patients.*
Patient LP TC FC EC TC/LP FC/LP EC /LP Sf
1059 13.5 490.0 78.5 411.5 36.3 5.8 30.7 2.49
1062 13.8 460.0 82.5 377.5 33-5 6.0 27-3 2.70
1067 4.3 236.0 86.9 149.1 53.5 19.7 33.9 1.65
1070 8.8 223.6 79.4 144.2 26.9 9.0 16.4 0.28
1072 7.3 167.7 87.5 80.2 23.O 12.0 11.0 0.50
1075 16.4 325.0 65.0 260.0 19.8 4.0 15.8 1.30
1076 12.3 276.0 43.5 232.5 22.4 3.5 18.9 0.20
1077 14.0 298.0 48.0 250.0 21.3 3.4 17-9 1.30
1078 15.0 441.0 81.5 359.5 29.5 5.4 24.0 1.30
1079 13.8 374.0 79.0 295.0 27.1 5.7 21.4 1.60
1080 12.5 270.0 64.O 206.0 21.6 5.1 16.5 0.40
1082 6.7 176.4 68.9 107.5 26.2 10.3 16.0 0.30
1088 11.4 227.3 87-5 139.8 20.0 7.7 11.6 0.10
1090 8.5 201.2 84.4 116.8 23.7 9-9 13.7 2.64
1091 7.5 203.7 65.2 138.5 27.1 8.7 18.5 1.54
1092 7.2 146.6 45.3 101.3 20.3 6.3 14.1 0.09
1094 8.8 263.3 106.8 156.5 29.9 12.1 17.8 1.30
1099 28.7 588.7 364.5 224.2 20.5 12.7 7.8 4.30
5001 9.9 408.1 110.1 298.0 48.6 7-9 11.2 2.60
5004 6.4 244.8 58.1 186.7 38.3 9-1 29.2 0.60
5000 9.6 204.9 78.2 126.7 21.4 8.2 13.2 0.90
TABLE lb. Complete data for the 20 non-diabetic patients.
Patient LP TC FC EC TC/LP FC/LP EC/LP Sf
2001 14.7 152.5 45-0 107.5 10.4 3.4 8.1 0.45
2002 23.1 357.5 86.3 271.2 15.4 3.7 11.7 1.70
2003 15.7 232.5 57.0 175.5 14.8 3.6 11.2 1.20
2005 11.3 175.0 68.3 106.7 15.5 6.0 9.4 1.20
2006 15.2 303.0 64.0 239.0 19.9 4.2 15.7 1.25
2010 7.6 393.7 163.5 230.4 51.7 22.4 32.1 2.18
2023 8.9 238.3 IO8.4 129.9 26.8 12.2 14.6 0.05
2024 8.7 197.4 72.1 125.3 22.6 8.3 14.4 2.10
2025 9.5 232.4 56.7 175.7 24.4 6.0 18.4 0.58
2026 8.6 202.8 78.0 164.8 23.6 9.1 19.1 0.90
2027 13.2 278.6 82.5 196.1 21.1 6.2 14.8 1.40
2028 13.2 206.8 95.3 111.5 15.7 7.2 8.7 0.45
2029 7.5 149.2 42.2 107.0 19.9 5.6 14.2 0.20
2030 12.5 227.9 69.8 158.1 17.8 5.6 12.6 0.27
2031 14.8 381.3 121.7 259.6 26.8 8.2 17.5 1.26
2032 15.7 411.2 120.6 290.6 26.2 7.7 18.5 0.90
2033 16.4 422.8 117.9 304.9 25.8 7.2 18.6 2.00
2034 12.8 246.6 76.8 169.8 19.3 6.0 13.3 0.70
2036 10.7 248.5 59.2 139.3 23.2 5.5 17.7 0.14
5005 8.6 276.1 67.6 208.5 32.2 7.9 24.3 0.68
*■ See TABLE II for key to abbreviations.
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TABLE II
DIABETICS n.-21
standard
deviation
standard
error
Sf 1.36 1.1 0.24
LP 11.25 5.9 1.29
TC 296.5 120. 26.2
EC 207.7 97. 21.2
FC 88.8 65. 14.2
TC/LP 28.13 9.3 2.03
eg/lp 18.42 7- 1.53
FC/LP 8.21 3.8 0.83
NON-DIABETICS n = 20
standard standard
mean
.98
deviation
.66
error
Sf 0.15
LP 12.43 3.9 0.87
TC 266.7 91. 20.4
EC 186.1 63. 14.1
FC 82.64 30. 6.7
TC/LP 22.65 8.6 1.92
EC /LP 15.74 5.6 1.25
FC/LP 7.30 4.2 0.94
ENTIRE GROUP n = U
standard standard
mean deviation error
Sf
LP
TC
EO
FC
TC/LP
EC/LP
FC/LP
1.17
11.83
282.
197.1
85.79
25.46
17.11
7.76
.92
5.
104.
82.
51.
9.3
6.4
3.9
0.14
0.78
16.2
12.8
7.95
1.45
1.0
6.09
Sf s Sf 10-30 (relative concentration)
LP - Lipid phosphorus (mg. per 100 cc.)
TC - Total cholesterol (mg. per 100 cc.)
EC = Esterified cholesterol (mg. per 100 cc.)
FC = Free cholesterol ( mg. per 100 cc.)
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TABLE III. Correlation of Sf 10-30, lipid phosphorus, and chol
esterol fractions. Correlation coefficients (Pearson r) relate
the components in column A to those in column B.
DIABETICS NON-DIABETICS ENTIRE GROUP
A. _B r_ J2_ r_ _E_ r _£_
Sf LP ,527 .02 .266 .2? .424 .01
Sf TC .782 .01 .550 .01 .725 .01
Sf EC .509 .02 .500 .03 .518 .01
Sf PC .690 .01 .484 .03 .642 .01
Sf TC/LP .280 .2 .350 .15 .108 .5
Sf EC/LP .051 .5 .370 .14 .175 .2
Si FC/LP .177 .45 .322 .17 .253 .1
LP TC .710 .01 .433 .07 .595 .01
LP EC .450 .05 .521 .02 d«46 .01
LP FC .700 .01 .054 .5 .540 .01
TABLE IV. Partial correlation of Sf 10-30 vrith lipid phosphorus.
Total cholesterol constant.
DIABETICS NON-DIABETICS ENTIRE GROUP
-0.064 0.037 -0.013
TABLE V. Statistical comparison of diabetic group vd.th non-
diabetic group.
DIABETICS NON-DIABETICS
n = 21 n = 20
difference
Variable mean mean of means t _£.
Sf 1.36 .98 .38 1.33 0.2
LP 11.25 12.43 1.2 0.76 0.45
TC 296.5 266.7 29. 0.89 0.4
EC 207.7 186.1 22. 0.86 0.4
FC 88.8 82.64 6.2 0.43 0.6
TC/LP 28.13 22.65 5.5 1.96 0.07
EC /LP 18.42 15.74 2.7 1.36 0.2
FC/LP 8.21 7.30 0.9 0.73 0.46
a.,.
In biological work, re lie:, iii t- is mm. rally ilaceo only in those
correlations which are si miicant ■ t the ; oer cent level or less
(p = .ay or less j. If this criterion is used in evaluatin'- th^ statis
tics, the folloxrin statements nay t,e ':ao.e:
1. TArLP III. There is s siynificant positive correlation between
Sf 10-30 molecules and lipid phosphorus, an.u also between Sf 10-30 and
cholesterol. There is a significant positive correlation between lipid
phosphorus and cholesterol. A significant correlation between a"f 10-30
polecules and cholesterol/phospholipid ratio is not demanotrated.
2. TAELE IV. Partial coirelaticn of Jf 10-30 with lipid, phosphor
us, independent of the influence of cholesterol, o.oej not demonstrate
either a direct or an inverse relationship between these two components.
3« TAPLh V. Statistical comparison of the diabetic group xxith
the non-diabetic group indicates that, Tdth the exception of the total
cholesterol/phospholipid ratio, the differences (in the serum components)
that exist between the two groups are not statistically)' significant and
could easily/ have arisen through chance variation. If one is willing to
accept the 7 per cent level of salgnificance as reliable, a significant
difference may/ be considered to exist between the TC/LP ratios of the
two groups .
riseus s ion
The relationship of phospholipids to cholesterol agrees well with
Gertler's (3d) finding of a high positive correlation between the two.
Txxo points concerning the relationship of phospholipid to ,f 10-30 mole
cules are worth noting: first, the absence of a demonstrable relation
ship when partial correlation, independent of cholesterol, is made
(TAPLE IV) indicates that the fairly good total correlation '..TAPLh III;
Ig-
may be due in large <>art t<- +he influence of cholesterol: ana, seccim.,
th.is absence of a --ositive correlation does net disprove the fact +. at
a negative correlation may exist, although its e;.:istence is not shoxm in
this study.
ie find a definitely higher correlation (0.725; between Sf l'j-3.
molecules ana total cholesterol than does n-ox'nan. '.he highest correla
tion coefficient he rerorts is 0.P0 (U5). Ihis suggests that our under
standing of the role played by the lip ox rote ins may not be as far advan
ced as some have thought. 'urther, trie definite conflict. between the data
in humans and that in rabbits (Gofman's group reports a negative corace-
lation of - 0.30 between Sf 12-30 and. cholesterol in alloxanisea, chole
sterol-fed rabbits) (75; indicates that those xrho warn against conclu
sions drawn from interspecies comparisons nay be treading on firm ground
xvhen they speak of rabbits, Pumans, and atherosclerosis.
Prom consideration of the above factors ana data it ma?/ safely be
stated that much more work is necessary before the routine determination
of Sf levels xrill assume clinical importance, from the standpoints of
either diagnosis or prognosis.
Gunmary
1. An outline of recent uevelopments in the field of athero
sclerosis research, xh.th particular attention to the work of Gofman and
his associates in their ultracentrifugal studies of the serum lipopro
teins, is presented.
2. ipaperinental work relating the serum levels of If Ir-30 mole
cules, phospholipids, and cholesterol in humans is described.
3. The results are discussed with re ie renee to lofman's work,
and include the following:
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a. Sf 10-30 ana lipid phosphorus levels are ooth arell
correlated with total cholesterol.
b. A definite correlation oetxreen lipid phosphor.xs auo Sf
10-30 x^jas not demonstrated.
c. A significant correlation between Sf 10-30 and cholesterol/
phospholj.pid ratio was not found.
Appendix
I. Calculation of the size of Sf 10-30 molecules using '.-ofman's
figures of 3 million for the molecular weight and l.'.P. for the
density:
radius =
Indd
molecular a'ePylit^^
~i' Avoeadro' s
"
vp
P
-r/J
10"
yP^pyyjrp-pjj^P
Che re fore:
- 1.05 x 10 cm.
= 10. 5 millimicrons
diameter = 21 millimicrons
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